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Abstract

Lesion extracts of Phytophthora capsici-infected egg plant fruits contained
a heat stable endo-polygalacturonate frans-eliminase, This enzyme has a pH
optium at 8.5, Ca®+ requirement and substrate preference for polygalacturonic
acid. It was purified to 600-fold from crude lesion extract by the system of
ammonium sulfate fractionation, DEAE cellulose column chromatography, and
isoelectric focusing. The molecular weight of the enzyme was estimated to be
96,000 and it has an isoelectric point of pH 89. The purified endo-polygal-
acturonate frans-eliminase, free from proteinase, phosphatidase, polygalacturo-
nase, pectin methyl trans-eliminase as well as hemicellulase, was used for
study on its effects on plant tissues. Results indicated that no detectable
maceration and cellular death of egg plant discs treated with the purified
enzyme was found after 30 min treatment, while drastically changed in both
processes occurred after 60 min, and it was completed at 120 min. Similar
results were obtained when potato discs were treated with the same enzyme,
Surprisingly, both potato and egg plant discs treated with the purified enzyme
failed to induce electrolyte leakage, and there were no significant differences
in conductance as compared with buffer and autoclaved enzyme controls. The
fact that P. capsici endo-polygalacturonate #rans-eliminase could not induce
permeability change in the plant tissues was not elucidated.

Introduction

Studies on the role of pectic enzymes in plant diseases have been mainly
concerned with soft rot and wilt diseases. Several lines of evidence have
demonstrated that pectic enzymes which obtained from diseased tissues and
cultural filtrates are responsible for tissue degradation. The most convincing
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instances are the purified enzymes such as endo-polygalacturonate #rans-elimin-
ase (Mount ef al., 1970; Garibaldi and Bateman, 1971; Tseng and Mount, 1974;
Basham and Bateman, 1975; Gardner and Kado, 1976), endo-polygalacturonase
(Ayers et al., 1969; Kaji and Okada, 1969; Wang and Keen, 1970) and endo-
pectin methyl frans-eliminase (Byrde and Fielding, 1968; Ohuchi and Tominaga,
1974; Plumbley and Pitt, 1979) which can cause tissue maceration in various
plants.

Phytophthora capsici Leonian is an aggressive pathogen of many crops,
particularly attacking a wide variety of plants such as Solanaceae and Cu-
curbitaceae in tropics and subtropics. The disease is characterized by browning
and rotting of fruits, stems as well as roots. The rapidity which this pathogen
can destroy its susceptible host tissues in indicated of its ability to produce
large quantities of a number of enzymes during pathogenesis. Among them
pectic enzymes have been considered to play an important role in disinter-
gration of host tissues, however, little information is available on the research
of pectic enzymes which induced by the pathogen during disease development.

This report deals with the purification of an endo-polygalacturonate #rans-
eliminase produced by P. capsici and the characteristics of this enzymes in
terms of its ability for inducing tissue maceration, electrolyte loss and killing
of plant cells.

Materials and Methods

The isolate of Phytophthora capsici Leonian used for this study was kindly
obtained from my colleague Dr. H.S. Chang. Stock cultures were maintained
on potato dextrose agar at 26°C, and transfers were made at 1-month inter-
vals. ’

Preparation of endo-polygalacturonate trans-eliminase

Market available egg plant fruits were surface disinfected by 70% alcohol
for 5 min and inoculated with mycelial mass of P. capsici, and then transfered
at 28°C for a week. After incubation, the lesion areas of rotted fruits were
removed and extracted with one volume of distilled water by grinding for 1
min in a Virtis ‘45> homogenizer at high speed. The extracts were filtered
through four layers of cheesecloth to remove debris and then centrifuged at
20,000 g for 20 min at 4°C. The supernatants were immediately served as

crude enzyme sources.

Enzyme assay

Endo-polygalacturonate #rans-eliminase (endo-PGTE) activity was measured
by the periodate-thiobarbituric acid (TBA) methed (Preiss and Ashwell, 1962),
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by the increase of reducing group of reaction mixtures (Nelson, 1944), or by
viscosity loss of sodium polypectate (Garibaldi and Bateman, 1971). Reaction
mixtures assayed by the thiobarbituric acid and reducing group procedures
contained 0.1 ml of 0.6%5 sodium polypectate in 0.05M Tris-HCI buffer (pH 8.0)
plus 10-*M CaCl, and 0.1 ml enzyme at 30°C for 1 hr. Viscosity loss was
estimated with size 200 Fenske-Ostwald viscometers containing 4.0 ml of 0.6 ml -
sodium polypectate buffered with 0.05M Tris-HCl at pH 8.0, 1.0 ml of enzyme,
and 2.0 ml of water. Measurement were made at 30°C (Bateman, 1966). A
unit of endo-polygalacturonate #rans-eliminase activity was defined as that
amount of enzyme giving an increase in absorbance of 0.1 in 60 min at 548 nm
in the thiobarbituric acid assay.

All of the controls contained autoclaved enzymes instead of active enzymes,
Protein concentration was estimated by the method of Lowry et al. (1951).

Enzyme Purification

Crude enzyme extract (250 ml) was brought to 209 saturation with pow-
dered ammonium sulfate, allowed to stand for 1 hr at 4°C, and centrifuged
for 20 min at 20,000 g. The precipitated was collected and dissolved in 10 mi
of distilled water. This procedure was repeated for ammonium sulfate satur-
ation to 40, 60, 80 and 95%. The precipitate of each fraction was immediately
assayed for protein content and endo-polygalacturonate frams-eliminase activi-
ty.

The 40-6025 ammonium sulfate fraction which contained a bulk of endo-
polygalacturonate #rams-eliminase was applied to a 1.6 X56 cm column of diethy-
laminoethyl cellulose (DEAE cellulose, C1- form) buffered with 0.05M Tris-
HCl buffer at pH 8.0. The column was eluated with 30ml of the Tris-HCl
buffer followed by a NaCl gradient in the buffer until 0.4 M NaCl was reached.
Five-m] fractions were collected and assayed for the enzyme activity.

In the current study, although two endo-polygalacturonate frams-eliminase
peaks were obtained by fractionation on DEAE cellulose column (Fig. 3), only
the major peak fractions (No. 22-25) were combined and dialyzed for 24 hr
against several liters of distilled water. This enzyme fraction was then sub-
jected to isoelectric focusing in a LKB 8101 Ampholine electrofocusing appa-
ratus equiped with a 110-m! column (LKB Produkter AB, Bromma, Sweden)
containing a pH 7-10 Ampholine carriers. Electrofocusing was carried out at
4°C for 48 hr, at that time the pH gradient had formed and the current had
stabilized (500 v, 0.9 ma). Five-ml fractions were collected at a flow rate of
2 ml/min, and the pH of each fraction was measured. Each fraction was
dialyzed against distilled water at 4°C for 24 hr and then assayed for endo-
polygalacturonate franms-eliminase activity as well as protein content. This
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procedure was served to determine the isoelectric point of the enzyme and as
the final step of its purification.

Estimation of the molecular weight of endo-polygalacturonate trans-eliminase

The molecular weight of endo-polygalacturonate frams-eliminase was es-
timated by gel filtration using Sephadex G-75 in the manner descrived by
Andrews (1964) and by SDS-acrylamide gel eletrophoresis (Weber and Osborn,
1969). Blue dextran (mol. wt. 2,000,000), crystalline bovine serum albumin
(mol. wt. 67,000), dimer cytochrome C (mol. wt. 26,000) and cytochrome C (mol.
wt. 13,000) were used as reference standards in the gel filtration experiments.

Measurements of permeability change, tissie maceration ahd cellular death

The permeability change of plant tissue treated with purified endopolyga-
lacturonate trams-eliminase was measured by determining the increase in con-
ductivity of the bath solution. Reaction mixtures which contained 15 discs of
potato (10 mm diam X 1 mm thick) or egg plant (9 mm diam X 2 mm thick) in
2.0 ml of the purified enzyme plus 8.0 ml of 0.01 M Tris-HCl buffer pH 8.0 in
a 15 ml test tube at 30°C. The conductivity of the solution was measured at
zero time and at 30-minute intervals with a conductivity bridge (YSI model
31 conductivity Bridge, Yellow Springes Instrument Co.)

Tissue maceration was evaluated and rated as described by Bateman (1963)
and Mount ef al. (1970). Discs were placed in enzyme preparations as de-
scribed above, buffered at pH 8.0 with 0.06 M Tris-HCl] buffer. Measurements
of tissue maceration were made over 3-hr incubation period with endo-polyga-
lacturonate frans-eliminase. Discs which did not macerate received a rating
of 0, while those that were completely macerated received a score of 5.
Cellular death was determined by using the method of Tribe (1955), in which

- the degree of retention of neutral red within the discs (cells or protoplasts)
was a measurement of cellular death. Reaction mixtures were the same as
those described for tissue maceration. Cells (protoplasts) which retained the
dye were considered alive and were scored O. Cellular death was indicated
by the absence of stained protoplasts and these discs received a rating of 5.
Intermediate values were assigned to discs which exhibited various degrees
of maceration and neutral red retention.

Results

Crude enzyme preparations from P. capsici-infected egg plant fruits con-
tained active endo-polygalacturonate trams-eliminase as determined by TBA
assay (Preiss and Ashwell, 1963), Nelson’s test (Nelson, 1944) and Viscometric
method (Garibaldi and Bateman, 1971). Assays for healthy egg plant fruit
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tissues and potato tubers did not contain detectable endo-polygalacturonate
trans-eliminase. The optimum pH of the enzyme was at pH 8.5, and no activ-
ity was detected in either enzyme source at pH values lower than pH 7.0
(Fig. 1).

The thermostability of the crude endo-polygalacturonate {ranms-eliminase
from lesion extracts was examined by incubating 10-ml samples that had been
dialyzed overnight against several hundred volumes of distilled water in a
water both at 10-80°C at 10°C intervals for 30 min. Enzyme incubated at 0°C
served as the control. After the temperature [treatments, assays were made
by TBA method. There was no significant loss in endo-polygalacturonate
trans-eliminase activity in the 10, 20, 30, and 40°C treatments as compared to
the control. ‘However, the enzyme activity was declined at 50°C and was
completely inactivated at 60°C (Fig. 2).

Purification of P. capsici endo-polygalacturonate trans-eliminase

Crude lesion extracts of P. capsici-infected egg plant fruits were used for
this purpose. . Two hundred fifty milliters of crude énzyme was dialyzed
overnight against distilled water at 4°C. This enzyme preparation contained
0.165 mg protein/ml and a specific activity of 0.48 (Table 1).

The dialyzed enzyme was then subjected to (NH,).SO, fractionaton.
Maximum endo-polygalacturonate frams-climinase activity was found in the

precipiate obtained between 40 and 60% saturation and had a specific activity
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Fig. 1. The.effect of pH on endo-polygalacturonate #rans-eliminase
activity in crude lesion extracts of Phytophthora capsici.
Endo-PGTE activity was determined by the reducing group
(0), thiobarbituric acid (A) and viscosity loss (x) method.
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Fig. 2. Thermal stability of endo-polygalacturonate #rans-eliminase
upon exposure to the indicated temperatures for 30 min.
Crude lesion extracts of Phytophthora capsici was used.
Endo-PGTE activity was assyed by TBA method.

Table 1. Purification of Phytophthora capsici endo-
polygalacturonate trans-eliminase

Total . Specific . . .
Step Yenie | protein | SIS | activiey | | PR
Crude enzyme(® 250 41.25 20 0.48 i 100 —
40-602% (NH,),SO, 10 0.73 8.87 12.15 443 25.3
DEAE o 15 0.047 4.66 9.5 | 233 | 2065
Isoelectric focuing 15 0.025 7.2 288 36.0 600

) Crude enzyme was obtained from lesion extracts of P. capsici-infected egg plant
fruits at 28°C for a week.

5) A unit of the enzyme activity was defined as that amount of enzyme giving ar
increase in absorbance of 0.1 in 60 min at 548 nm in TBA assay.

of 12.15. Thus, a 25.3-fold purification was achieved by this two-step proce-
dure.

For further purification of the endo-polygalacturonate #rans-eliminase, the
(NH,),S0, fraction (40-6025) which contained a bulk of the enzyme was sub-
jected to a DEAE cellulose column. Results (Fig. 3) indicated that two endo-
polygalacturonate frams-eliminase peaks were obtained in the column. However,
in this study, only the major peak fractions (No.22-25) were pooled and
assayed for the enzyme activity. The specific activity of this partly purified
enzyme was 99.15 and it had been purified to 206.5-fold. This partly purified
enzyme was dialyzed and subjected to isocelectric focusing by using a Ampho-
line carries with a pH range of 7-10. The enzyme was finally purified to
600-fold and the isoelectric point (pl) of the enzyme was estimated to be
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pH 89 by this procedure. A summary of the purification of P. capsici endo-
polygalacturonate trans-eliminase was illustrated in Table 1.

The molecular weight of this purified endo-polygalacturonate frans-eliminase
was estimated to be 96,000 by gel filtration on Sephadex G-75 column (Fig.5) - .
and also further confirmed by SDS-acrylamide gel electrophoresis.
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Fig. 3. Elution profile of endo-polygalacturonate #rans-eliminase in an ammonium
sulfate (40-602) fraction of lesion extracts of Phytfophthora capsici by
DEAE cellulose column chromatography. Ten-ml of the enzyme was applied
to a 1.6%56.0cm column, Five-ml fractions were collected and endo-PGTE
activity was determined by TBA method.
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Fig. 4. Isoelectric focusing of 15ml of dialyzed endo-polygalacturonate
trans-eliminase from DEAE cellulose column (Fig. 3, fraction
No. 22-25). A pH range of 7-10 Ampholine carriers was used.,
Five-ml fractions were collected and the enzyme was assayed

by TBA method.
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Fig. 5. Molecular weight of endo-polygalacturonate frans-eliminase estimated
by Sephadex G-75 column, Maker proteins: bovine serum albumin
(BSA, mol. wt. 67,000), dimer cytochrome C (mol. wt. 26,000) and
cytochrome C (mol. wt. 13,000). The void volume of this column was
determined by using blue dextran. Endo-PGTE activity was assayed by
TBA method,

Tissue maceration, cellular death and electrolyte leakage by purified endo-polygalac-
turonate trans-eliminase produced by P. capsici

:Experimeﬁts were made Wit_h the comb_ined fractions (No. 3-5) from an
electrofocusing column (Fig. 4) - which contained purified endo-polygalacturo-
nate frans-eliminase but free from proteinase, phosphatidase, peroxidase, and
enzymes which attack hemicellulose at pH 8.0 to determine the relationship
between electrolyte leakage, maceration, and cellular death with plant tissues.
Discs of egg plant fruits were treated with the purified enzyme, autoclaved
enzyme, and buffer alone. Result (Fig. 6B) indicated that endo-polygalacturo-
nate frams-eliminase failed to induce electrolyte leakage of egg plant tissue
within a 210-min periods. Maceration and cellular death of egg plant discs
were no detectable after 30 min treatment, however, drastically changed in
both processes were found after 60 min, and it was completed after 120 min.
There was no indication of either maceration or cellular death in autoclaved
enzyme control (Fig. 6A).

When potato discs were used for the similar experiments, again, the
purified endo-polygalacturonate frams-eliminase failed to induce electrolyte loss
in potato tissues, and there were no significant differences in conductance as
compared with buffer and autoclaved enzyme treatments (Fig. 7B). Tissue
maceration and cellular death paralleled each other when potato discs were
treated with the purified endo—polygala‘ctur_onété, trans-eliminase after 90 min,
however, no detectable ‘tissue maceration and cellular gdeath of potato discs
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which treated with autoclaved enzyme has been found even. after 180 min
incubation (Fig. 7A).

Discussion
An endo-polygalacturonate frans-eliminase has been isolated from P. capsici
with egg plant tissues, and it was purified to 600-fold. This enzyme has a pH

optimum at 8.5, Ca*? requirement, and substrate preference for polygalac-
turonic acid. It is similar to those partial purlﬁed trans-eliminase of certain
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Tig. 6. A) Maceration and cellular death of discs of egg plant fruits treated with purlﬁed
endo-polygalaturonate frams-eliminase, Reaction mixtures contained 2ml of enzyme,
8ml of 0.05M Tris-HCl buffer (pH 8.0), and 15 egg plant discs (9mm diax2mm
thick) im; 15 ml test tube at 30°C. Index of tissue. maceration and.cellular death
(0—->no. maceration or cellular death; 5->completed maceration or cellular death).
B) Electrolyte leakage “from egg plant discs after treatment with purxﬁed endo—
PGTE, reaction mixtuie same as (A).
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‘Fig. 7. A) Maceration and cellular death of potato discs (10mm diax1mm thick) treated
with purified endo-polygalaturonate frans-eliminase, reaction mixture same as Fig.
6, except potato discs were used. B) Electroyte leakage from potato discs after
treatment with the purified endo-PGTE, reaction mixture same as described ahove.
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bacteria (MacMillan and Vaughn, 1964; Garibaldi and Bateman, 1970; Ohuchi
and Tominaga, 1974; Tseng and Mount, 1974; Basham and Bateman, 1975) and
differs from those of oligogalacturonate frans-eliminase, which have a neutral
PH optimum (Moran ef al.. 1968; Hatanaka and Ozawa, 1970). The isoelectric
point (pI=8.9) is lower than that of endo-polygalacturonate frans-eliminase of
Erwinia carotovora (Tseng and Mount, 1974). The molecular weight of this
enzyme was estimated to be 96,000. This is rather high as compared with
polygalacturonic acid #rans-eliminases (mol. wt. 30,000 to 36,000) of E. Chrysan-
themi (Garibaldi and Bateman, 1971) and E. rubrifaciens (mol. wr. 41,000)
(Garnder and Kado, 1976).

Two polygalacturonate #¢rams-eliminase fractions were eluted from the
DEAE cellulose column (Fig. 3). Both polygalacturonate frans-eliminases were
determined to be of endo-type by using viscometric assay and TBA method.
The reaction products in the Visqosity assay absorbed a maximal light at 230
nm when sodium polypectate was used as substrate; a red chromogen which
was formed with TBA and products gave a wavelength at 548 nm. These
results illustrated the pectic enzyme of P. capsici in the lesion extracts appears
to be a endo #rams-eliminative cleavage of the substrate. The fact that two
endo-polygalacturonate frans-eliminases were obtained in this study may sug-
gest that two “isozyme” were induced by the pathogen during disease develop-
ment. Garibaldi and Bateman (1971) has demonstrated the presence of multiple
polygalacturonic acid #rams-eliminases in cultural filtrate of E. Chrysanthemi,
and recently, Cervone ef al. (1978) reported two polygalacturonase isozymes
from Rhizoctonia fragariae showedAsimilar amino acid compositions.

Increased loss of electrolytes by tissue invaded by plant pathogens has
been observed by a number of investigators for a diverse group of diseases
(Williams ef al., 1967; Lai ef al., 1968; Hancock, 1968; Mount et al., 1970).
This is evidence that membrane permeability changes can be induced by
toxins of pathogen origin as well as enzymes (Samadder and scheffer, 1968;
Bashman and Bateman, 1975). Mount ef a/. (1970) indicated that an endo-
pol&galacturonate trans-eliminase produced by E. carofovorae was able to induce
permeability change, tissue maceration and cellular death of potato tissue;
furthermore, Tseng and Mount (1974) studied on the toxicity of endo-poly-
galacturonate frams-eliminase, phosphatidase and protease to potato and cucum-
ber tissues revealed that only endo-polygalacturonate #rans-eliminase induced
leakage of %*Rb from potato discs, but no leakage of *Rb occurred when
cucumber tissues treated with any of the purified enzymes. In the current
study, similar results were found when egg plant and potato discs treated
with purified P. capsici endo-polygalacturonate #rans-eliminase, no appreciable

electrolyte leakage in both tissues, however, tissue maceration and cellular
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death can be caused by the same enzyme. The fact that the purified P. capsici
endo-polygalacturonate trans-eliminase failéd to induce permeability in its host
tissues are still unknown. It would be interesting to find out what is the:
mechanism(s) behind it, and this needs for further investigation.

Recently, a non-pectolytic protein from P. capsici that macerates cucumber
tissue has been isolated. by Yashikawa ef al. (1977). The maceration factor
has been determined as a heat stable protein, possible an enzyme. Whether
it will cause permeability and cellular death in its host tissues has not been
studied. In our lesion extracts of P. capsici, however, consisted of a con-
sider amount of macerating factor (endo-polygalacturonate trams-eliminase)
which mainly caused tissue maceration of either potato or egg plant. Whether
in our crude lesion extracts which also exist non-pectolytic protein (a macerat-
ing factor) is of interest to elucidate.
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